Inhibitory control refers to the ability to stop, change or delay a response, and is often 21 used in order to protect higher order goals. Theoretical models suggest that appetitive cues 22 such as pictures of alcoholic drinks or food evoke strong automatic appetitive responses 23 which lead to transient impairments in inhibitory control, and that these effects of cues may 24 be related to individual differences (e.g. in body mass index, or alcohol consumption). In 25 order to investigate these claims we conducted a random effects meta-analysis of 66 effect 26 sizes (35 alcohol, 31 food) from 37 articles that tested the effect of exposure to appetitive 27 (alcohol / food) cues on indices of inhibitory control. The overall effect of cue exposure was 28 small, but robust (SMD = -0.12 [95% CI -0.23, -0.02]; Z = 2.34, p = .02, I 2 = 84%). Exposure 29 to alcohol-related cues significantly impaired inhibitory control (SMD = -0.21 [95% CI = -30 0.32, -0.11]; Z = 4.17, p < .001), however exposure to food-related cues did not lead to 31 impairments (SMD = -0.03 [95% CI = -0.21, 0.15]; Z = 0.36, p = .720). There was no 32 evidence that drinking or weight status significantly moderated the effects of cues on 33 inhibitory control. Similarly, cue modality (words, pictures, or smells) did not significantly 34 moderate the effects. Trim and Fill analysis suggested bias in the literature, which when 35 corrected, made the overall effect of cues non-significant. Overall, these findings provide 36 some tentative support for theoretical claims that exposure to appetitive cues prompts 37 transient impairments in inhibitory control. Further research is required to determine the 38 clinical significance of these observations. However, care should be taken when drawing 39 conclusions from a potentially biased evidence base.
Studies were required to have an outcome measure of inhibitory control during / 142 following appetitive cue exposure, and either a measure of inhibitory control at baseline 143 (prior to cue-exposure) or during exposure to non-appetitive (neutral) cues. Proposed 144 measures of inhibitory control were cross-checked against previous literature and review 145 papers to ensure that they were validated measures (e.g. (Diamond, 2013) ). All authors 146 agreed on the tasks for inclusion. indicative of heavy drinking 1 ). For weight status we examined if group mean BMI > 164 25kg/m 2 (for overweight / obese). Three studies compared alcohol-dependent participants to a 165 control group (Noel, et al., 2007; Noel, et al., 2005 ; Sion, Jurado-Barba, Alonso, & Valladolid, 2017), but provided no information as to whether the control group drank any 167 alcohol. Therefore, the control groups in these studies were not included in any analysis. 168 Variables of interest 169 The indices of inhibition used for each task are stated in Table 1 . The most common Go/No-Go tasks require motor inhibition of a pre-potent response following a visual or 172 auditory 'stop signal' or 'No-Go cue'. In the Stop Signal task this cue is presented following 173 a variable delay after initial stimulus onset and therefore motor behaviour has to be cancelled, 174 whereas in the No-Go task the No-Go cue is presented concurrently with the target stimulus, 175 and therefore behaviour must be restrained rather than cancelled (Eagle, Bari, & Robbins, 176 2008). In the shifting version of the task the cues for 'Go' and 'No-Go' are switched on a 177 block-by-block basis (Meule, 2017) . In the anti-saccade task participants have to inhibit an 178 involuntary oculomotor response (saccade) to a visual stimulus that appears in the periphery 179 of a visual display (Hallett, 1978 ). In the Stroop task (Stroop, 1935) participants have to name 180 the colour of target words whilst ignoring the semantic content of the word (e.g., the word 181 'red' printed in blue ink). Finally, in the flanker task participants have to categorise a target 182 stimulus whilst ignoring distractor stimuli that appear alongside it (Eriksen & Eriksen, 1974) . 183 Stop Signal Reaction Time and Commission errors were the most common outcomes from 184 these tasks. We also extracted and coded a number of variables for our main and weight status, and any correlations with BMI, typical alcohol use or AUDIT scores (see table   187 1). We selected these variables as they were the most commonly measured across all studies. 188 Statistical analyses 189 Our main statistical analyses were carried out using Review Manager 5. (Loeber, et al., 2012) . In these studies we computed 230 within-subject comparisons based on these groups where possible to allow for individual 231 comparisons to be included in different moderator analyses (see Table 1 ). Finally, some 
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Results
237
The article selection process and flow is shown in Figure 1 . Following exclusion of 238 irrelevant articles by title and abstract scanning we identified 37 full-text articles. See Table 1 239 for full details. .15]; Z = 0.36, p = .720). There was weak statistical evidence for subgroup differences 252 (X 2 (1) = 2.97, p = .090). These results suggest that exposure to appetitive-cues impairs 253 inhibitory control compared to neutral cue exposure / no cue exposure, and overall the 254 impairing effects of alcohol-related cues are more robust (see supplementary Figure 1 ).
255
Moderation by drinking status 256 We identified k = 9 effect sizes for light drinkers, k = 15 effect sizes for heavy -0.10, 0.28); Z = 0.95, p = .34; I 2 = 86%). There was weak evidence for a subgroup effect 271 (X 2 (1) = 2.83, p = .09).
272
Moderation by modality of cue-exposure 273 Across both food and alcohol cues we identified K = 42 effect sizes from studies that 274 employed pictorial cues, k = 16 effect sizes from studies that employed lexical (word) cues 275 and k = 10 effect sizes from studies that employed olfactory / in vivo cues. Note that two 276 studies 3 used combined cue-exposure paradigms. Therefore they contributed to more than one 277 group in these analyses, but removal of effect sizes from these studies did not significantly Whereas, pictorial (SMD = -0.07 [95% CI -0.19, 0.05]; Z = 1.07, p = .280, I 2 = 83%) and 281 lexical (SMD = -0.26 [95% CI -0.57, 0.06]; Z = 1.62, p = .110, I 2 = 90%) cues did not 282 significantly impair inhibitory control. However, the test for subgroup differences was not 283 statistically significant (X 2 (2) = 3.47, p = .180).
284
Due to the differences between alcohol-related and food-related cues we analysed the 285 effects of cue-exposure modality separately. For alcohol, we identified k = 23 effect sizes 286 from studies that employed pictorial cues, k = 6 effect sizes were from studies that employed 287 lexical cues and k = 8 effect sizes were from studies that employed olfactory / in vivo cues. .001; I 2 = 69%) significantly impaired inhibitory control, however lexical cues did not have a 291 significant effect (SMD = -0.13 [95% CI -0.27, 0.02); Z = 1.74, p = .080; I 2 = 0%). The test 292 for subgroup differences was not significant (X 2 (2) = 1.51, p =.470).
293
For food, we identified k = 19 effect sizes from studies that employed pictorial cues, k 294 = 10 effect sizes from studies that employed from lexical cues and k = 2 effect sizes were 295 from studies that employed olfactory / in vivo cues. Only lexical cues impaired inhibitory 296 control (SMD = -0.30 [95% CI = -0.83, -0.24]; Z = 1.09, p = .28, I 2 = 94%); pictorial (SMD = 297 0.10 [95% CI = -0.06, 0.27]; Z = 1.20, p = .23, I 2 = 82%) and olfactory cues (SMD = -0.12
298
[95% CI = -0.53, 0.295]; Z = 0.58, p = .56, I 2 = 54%) did not. However, the test for subgroup 299 differences was not statistically significant (X 2 (2)= 2.69, p = .260).
300
Exploratory analyses 301 Effect of inhibitory control task 302 We conducted exploratory analyses on the type of task used to operationalize 303 inhibitory control (see table 1 ). Following appetitive cue exposure, inhibitory control was Due to methodological considerations regarding the Go/No-Go shifting task (see 312 Meule, 2007 and discussion) we repeated our primary analysis after excluding studies that 313 used this task. In this case both alcohol-related cues (k = 26; SMD = -0.23 [95% CI -0.35, -314 0.11]; Z = 3.85, p < .001; I 2 = 73%) and food-related cues (k = 20; SMD = -0.19 [95% CI -315 0.37, -0.01]; Z = 2.03, p = .04; I 2 = 82 %) impaired inhibitory control. We note that this was 316 not an a-priori analysis. We present all analyses with exclusion of effect sizes from the 317 Go/No-Go shifting task in online supplementary materials.
318
Examination of bias 319
Visual inspection of the funnel plot (see supplementary Figure 2 ) for all studies 320 suggested asymmetry, and Trim and Fill analyses suggested 16 effect sizes would need to be 321 added to achieve symmetry (see supplementary Figure 3 ). Adding these effect sizes made the 322 overall point estimate non-significant (SMD = 0.05 [95% CI -0.08, 0.18]). This suggests 323 some degree of bias was evident across the effect sizes included. We also conducted Egger's 324 test to formally examine asymmetry by regressing the effect size against the precision, 325 however the test was not statistically significant (Z = -0.56, p = .574). if these subgroup differences are indeed robust.
369
The absence of a robust effect of food-related cues on inhibitory control was 370 surprising but is difficult to interpret given methodological features of the original studies.
371
Eleven (35%) of studies used the Go/No-Go switching task for food-related cues. In this task, 372 contingencies between making a motor response and inhibiting to high calorific vs. control 373 cues are regularly switched on a block-by-block basis (Loeber, et al., 2012) . The repeated 374 shifting of task contingencies between blocks mean that this task is likely to capture the effect 375 of cues on inhibition and shifting, two distinct subcomponents of executive functions, and 376 therefore this task provides an impure measure of inhibitory control (Miyake et al., 2010).
377
Furthermore, variations on this task have also used low-calorific food cues (rather than non- Pictorial cue exposure Appetitive: Alcohol-related cues were embedded into the inhibition task Control: Neutral (geometric shapes) were embedded into the task.
Commission errors
We considered the control group to be light drinkers based on their drinking characteristics (number of drinking days and cumulative alcohol consumption) reported in the article. Pictorial cue exposure Appetitive: Alcohol-related cues were embedded into the inhibition task Control: Neutral (geometric shapes) were embedded into the task.
Participants were split into binge and non-binge drinkers. We considered non-binge drinkers to be light drinkers based on their drinking characteristics reported in the article. 
